In this paper we revisit constraints on the leptophilic dark matter (DM) arising from the DM indirect detection experiments. Interactions between the charged leptons and the scalar-type, Dirac-type or vector-type DM are written in terms of effective operators. After classifying all interactions that may give non-zero signals in indirect detections, we study constraints on the parameter space of these effective interactions from the latest results of AMS-02, Planck, Fermi-LAT and H.E.S.S., as well as the observed relic abundance. Main results are summarized in the Table. I. It shows that the τ -flavored DM is almost excluded by the DM indirect detection results in some scenario. * Electronic address: chaowei@bnu.edu.cn
I. INTRODUCTION
Astrophysical observations have confirmed the existence of dark matter (DM), which can not be addressed within the minimal standard model (SM) of particle physics. Although about 26.8% of our universe is made by DM [1] , one knows nothing about its nature except the gravitational effects, which catalyzed model buildings about the DM. Of various DM models, the weakly interacting massive particle (WIMP) [2] [3] [4] [5] [6] [7] is a promising DM candidate, as it can naturally address the observed relic abundance in the framework of freeze-out with its mass around the electroweak scale and its interactions as weak as the weak nuclear force.
The WIMP is also an important target of current and future DM detection experiments, which probe DM in the following ways: detecting nuclear recoils in underground laboratories induced by DM scattering off the nuclei (direct detections); reproducing DM particle byhand in the large hadron collider (LHC) and detecting its signal in mono-X channel (direct detections); measuring the flux of cosmic ray induced by the DM annihilation or decaies with the help of satellite or ground-based telescopes (indirect detections).
Up-to-now, no DM-like event has been observed in underground direct detection experiments [8] [9] [10] , which in turn put constraints on the parameter space of some promising DM models. Improving the sensitivity of these experiments may enlarge the search scope, but these experiments will soon encounter the background coming from the coherent neutrinonuclei scattering, which may significantly reduce the sensitivity of direct detection experiments [11, 12] . From this point of view, indirect detections and collider searches are good complementarities to direct detections. Notice that colliders are actually mediator machines, as a result they are only powerful tools in studying some well-motivated ultraviolet-complete models that accommodate WIMP candidate in their mass spectrum. Actually there are effective field theory (EFT) approaches to DM [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] , in which interactions between DM and the SM particles are described by high dimensional effective operators and there are only two free parameters: the DM mass, m DM and the cutoff scale of the operator, Λ. DM EFT has been proved to be a powerful tool in DM direct and indirect detections as the energy scale of these experiments lies far below Λ, however it will turns to be invalid in collider searches [23, 24] to certain cutoff energy scale.
In this paper, we study signals of leptophilic DM [25] [26] [27] [28] [29] [30] [31] in indirect detection experiments.
Assuming DM is scalar boson, Dirac fermion or vector boson, we write down the effective These results may provide a guideline for DM model buildings.
The remaining of the paper is organized as follows: In section II we describe the EFT that we will use in the analysis. In section III and IV we describe constraints of relic abundance and various indirect detection experiments. We present our numerical results in section V.
The last part is concluding remarks.
II. EFFECTIVE OPERATORS
We focus on interactions of DM with charged leptons. These interactions can only be efficiently probed by indirect detection experiments, while their signals in direct detection experiments are loop suppressed [35] [36] [37] . In the limit where the particles mediating the interaction between DM and leptons are heavier than the energies of interests, the interactions of the DM with the SM leptons can be written in terms of non-renormalizable effective operators 
III. RELIC DENSITY
The cold DM in the early universe was in the local thermodynamic equilibrium. When its interaction rate drops below the expansion rate of the universe, the DM is said to be decoupled. The evolution of the DM number density n, is governed by the Boltzmann σv σv σv equation [38] :ṅ
where H is the Hubble constant, σv M/ oller is the total annihilation cross section multiplied by
, brackets denote thermal average and n EQ is the number density at the thermal equilibrium. It has been shown that [38] , where x = m/T , K i is the modified Bessel functions of order i.
The present relic density of the DM is simply given by ρ χ = Mn χ = Ms 0 Y ∞ , where s 0 is the present entropy density. The relic density can finally be expressed in terms of the critical density [7] Ωh
where M pl is the Planck mass, a and b, expressed in GeV −2 , are the s-wave and the p-wave parts of the reduced annihilation cross section and g * is the effective degrees of freedom at the freeze-out temperature T F , x F = M/T F , which can be estimated through the iterative solution of the equation
where c is a constant of order one determined by matching the late-time and early-time solutions. It is conventional to write the relic density in terms of the Hubble parameter,
Observationally, the DM relic abundance is determined to be Ωh 2 = 0.1186 ± 0.0031 [1] . Explicit expressions of a and b for various effective DMlepton interactions are listed in the table. III. Our results are agree with these presented in
Refs. [19, 20] .
IV. INDIRECT DETECTIONS
In contrast to the direct detection of DM at underground laboratories, which measure the elastic DM-nuclei scattering cross section by blinding almost all cosmic rays, an indirect detection aims to look for hints of DM in cosmic rays on the background of astrophysical sources. For review of indirect detections, we refer the reader to Refs. [39, 40] and references cited therein. If DM is populated through interactions given in the Table. II, it is possible that its annihilation rate into lepton pair is still large today. As is the case of O S1 and O S2
and O V 8 for vector DM, in which there are s-wave contribution to the reduced annihilation cross section as presented in the Table. III. Annihilations into charged lepton pairs can led to a diffuse emission of gamma rays through inverse Compton scattering and bremsstrahlung, which might be measured by Planck [1] , Fermi-LAT [33] and H.E.S.S. [34] . In addition the flux of cosmic ray can be recoded by the Fermi-LAT [33] , AMS-02 [32] and DAMPE [41, 42] .
These measurements can lead to significant constraint on the annihilation rate today. In this section, we will discuss these constraints separately.
• Planck Cosmic Microwave Background (CMB) is powerful in probing DM annihilations into electrons. DM annihilation in the dark ages, z ≤ 1200, can cause additional ionization of the ambient hydrogen gas, perturbing the ionization history measured by the Planck.
The energy density deposit rate can be determined in term of the annihilation factor p ann defined as
where f ef f is a red-shift dependent efficiency function considering that injected energy is not equal to the one deposited in the intergalactic medium [43] , σv is the thermal average of the reduced DM annihilation cross section. From Eq. (5) • Fermi-LAT F ermi Large Area Telescope (LAT) is a gamma ray telescope which observes gamma rays emitted from the dwarf spheroidal satellite galaxies (dSphs) of the Milky Way that are supposed to be DM dominated. Fermi-LAT is sensitive to energies ranging from 20 MeV to > 300 GeV. A combined analysis of 15 Milky Way dSphs using gamma ray data with energies between 500 MeV∼ 500 GeV processed with the PASS-8 event level
analysis shows that [33] , no significant excess has been observed, which excluded the thermal relic annihilation 2.2×10 −26 cm 3 s −1 for DM masses below 100 GeV annihilating through quark and τ lepton channels. The result of Fermi-LAT can constrain the effective DM-lepton interactions as shown in Figs. 1, 2 and 3 marked by light magenta color.
• H.E.S.S.
SM particles could be produced from self-annihilation of WIMPs in high DM density regions today. The High Energy Stereoscopic System (H.E.S.S.) array of ground based
Cherenkov telescopes can detect very high energy continuum gamma ray spectrum.
The differential gamma ray flux from the annihilation of WIMPs in a solid angle ∆Ω can be written as
where σv is the thermal average of the reduced annihilation cross section, • AMS-02 DM annihilations in the Galactic Halo may give rise to the cosmic ray (CR) lepton spectrum, and its subsequent propagation can be described by the following diffusion equation [47] ,
where ψ is the differential number density of particles, D is the diffusion coefficient, b is the energy lose rate arising from inverse Compton scattering and synchrotron, 
V. RESULTS
In this section, we study constraints on the parameter space of various effective DMlepton interactions using DM indirect detection results. Numerical results for the scalartype, Dirac-type and vector-type DMs are presented in the following: There are ten effective interactions between the Dirac DM and charged leptons, of which and O V2 are the same, and the signal of O V7 are similar to these of O V8 up to the rescale,
We show in the Fig. 3 
VI. CONCLUSION
In this paper, we systematically studied constraints on the leptophilic DM arising from DM indirect detection experiments. Assuming the DM is complex scalar, Dirac fermion or complex vector boson, and it only interact with the charged leptons via the effective operators, we derived the lower bound of the DM mass constrained by the relic abundance, AMS-02, Fermi-LAT, Planck and H.E.S.S.. Main numerical results are summarized in the Table. I. It shows that some effective interactions are strongly constrained by the indirect detection results. This study may provide a guidance to the DM model buildings.
